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The  Soil  Conser'/ation  Service  has  purchased  and  now  has  in 
operation  a  considerable  niunber  of  Ferpusson  type,  recording  rain 
and  snov/  gages.    Questions  have  arisen  from  time  to  time  about  details 
of  their  operation,  particularly  at  times  v.'he'ri  there  has  appeared  to 
be  something  Y'rong.    This  is  "Aritten,  therefore,  vith  a  possible  over- 
emphasis on  the  nrong  or  '.veak  points  in  the  instruments.    This  should 
be  understandable.    Tor  the  history  of  the  device  and  desci-iptions  of 
the  older  t:y'pes  refer  to  "lonthly  ^"eather  Revieyr,  July  1921,  49:379- 
384.  and  to  Measurement  of  Precipitation,        B.  no.  771. 

^o  attempt  vdll  bf,  made  to  _ive  the  proper  location  of  a  gage 
relative  to  other  gages,  to  the  surrounding  topography,  or  to  nearby 
vegetation  and  objects.  Nor  "vill  the  effects  of  v.lnd  on  the  "catch" 
of  the  iage,  as  influenced  by  its  height  and  shape,  be  discussed. 
These  things  are  very  important  but  because  of  our  liiidted  knov/ledge 
of  them  they  are  not  discussed  in  these  notes. 

^i-These  notes  are  the  first  of  a  series  making  up  a  manual  of  instrumen- 
tation for  soil  and  water  conservation  research. 


The  diameter  of  the  collecting  ring  is  B  inches,  providing 
a  catchment  area  of  0.34.9  square  feet.        depth  of  1  inch  over 
this  area  makes  a  volume  of  0.02908  cubic  feet.    The  apparent  weight 
of  this  volume  of  vater,  under  usual  v/eighing  coriditions,  is  about 
821  grams. 

The  collectin.,  bucket  rests  on  a  wei^^hin^-  platform  and  frame, 
which  in  turn  are  suspended  from  a  spring.    Precipitation  caught  in 
the  bucket  increases  the  load  on  the  spring,  Criusing  it  to  deflect 
with  a  i-esultant  lovvering  of  the  platform  and  frame.    Tiiis  deflection 
is  proportional  tc  the  amount  of  the  precipitation  that  has  been 
collected.    The  movement  of  the  frame  is  transmitted  through  a  system 
of  links  and  levers  to  the  ^  en  ivhich  marks  a  suitably  graduated  re- 
volving chart.    The  ratio  of  the  fraiue  movement  to  the  pen  movement 
is  controlled  by  the  positions  of  the  pinions  relative  to  the  pen 
arm  system  pivot.     (See  fi^.  1.)    Shortening  the  distances  m  and  n 
increases  the  movement  of  the  pen  lor  a  given  frame  movement  or 
spring  deflection. 

OPLR^TION  OF  TFh  a>VM£AL  iJLCH.  IJSL 
Some  of  the  Fergusson  gages  have  iailed  to  give  a  true  record  of 
rainfall.    This  has  been  particularly  true  of  the  '36  series  of  gages. 
The  v/ords  and  phrases  that  have  been  used  ^escribing  the  action  of 
the  gage  and  the  type  of  record  on  the  chart  are:     "sluggish",  "hesi- 
tant", "jerky",  "stair-step  record",  "reversal  considerably  below  the 
three-inch  line",  etc.    There  probably  has  been  more  trouble  of  thds 
nature  than  has  been  thought  or  observed,  because  it  is  usually  not 
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discovered  until  a  storm  occurs  vrhich  exceeds  3  Inches  of  rain- 
fall. 

The  reason  for  the  failure  of  these  gages  to  record  the  rain- 
fall correctly  has  been,  for  the  most  part,  a  lack  of  sufficient  driv- 
ing force  in  the  reversal  mechanism  to  overcome  the  friction  in  the 
mechanism  and  that  bet.veen  the  pen  and  chart.    Instances  of  faulty 
record  have  no  doubt  also  occurred  because  of  binding  oetween  some 
part  of  the  moving  portion  of  the  weighing  mechanism  and  a  stationary 
fixture  such  as  the  dash  pot,  but  troubles  of  this  kind  are  relatively 
easy  to  detect  and  correct,  and  therefore  probably  occur  infrequently. 

A  symbolic  diagram  (fig.  1)  has  been  prep::red  to  help  in  the 
description  of  the  mechanics  of  the  operation  of  the  gage,  and  in 
particular  the  reversal  mechanism.    Note  that  the  pen  arm  is  pivoted 
in  a  fixed  position  relative  to  the  chart  drum,  and  counter/.-eighted 
so  that  for  the  first  traverse  of  the  pen  across  the  chart  (0-3  inches 
of  precipitation)  the  right  pinion  rests  at  the  bottom  of  the  slot  in 
the  right  link.    For  the  second  traverse  (3-^6  inches  of  precipitation) 
the  pen  moves  downward  due  to  the  fact  that  the  left  pinion  contacts 
the  upper  end  of  the  bottom  slot  of  the  left  link,  the  v;eight  of  the 
left  link  being  more  than  enou^;h  to  overcome  the  clock';.'i£e  m.oment  of 
the  pen  arm  system  plus  friction.    During  the  third  traverse  of  the 
chart  (6-9  inches  of  precipitation),  the  right  pinion  is  in  contact 
with  the  upper  end  of  the  slot  in  the  right  link,  raising  the  left 
link  with  increasing  amounts  of  precipit::tion. 
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Ihe  principal  dilfic^jlt^  -"rlth  some  of  the  gages  has  been  an 
insufficient  result:.rit  cloclc.vise  moment  in  the  ^en  arm  syste^:i  to  cver- 
corne  the  iriction  existent  in  the  (0-3)-inch  precipitation  range^  and 
the  obvious  means  lor  coi-rectin;^  the  diffid-dty  is  to  increase  the  .■ 
size  of  the  'pen  cirm  countenrei  _rit .     The  less  obvious  and  more  uncer^ 
tain  "ivay  would  be  to  decrease  the  friction  in  the  system. 

The  friction  ^jet'vee;,  the  pen  and  chart  could  .rob.i:,lybe  re- 
duced by  decreasinri  ohe  tilt  of  the  ^'en  arm,  but  it  may  oe  that  the 
amount  oi  t.  It  e'.v  loyed  is  the  mlriimum  consistent  '^'ith  the  attainment 
of  positive  contact  betv'een    en  and  chart;   furthermore,  this  '.vould  be 
a  difficult  chan;.e  to  m^ke.    Oil  co^jld  be  put  on  the  pinions  and  links, 
but  this  V'-ould  be  ol  te.i.-orarj  v-. lue  and  in  the  end  i.orse  than  none  at 
all  because  of  ^-um;?^Lness  resultin^x,  froa  eva..orr,tion,  1oy\  temi-^erature, 
and  the  collecLion  of  dust. 

The  probable  reason  foi  there  bein^,^  too  small  a  count er-eight 
on  some  of  the  .._,a,-;es  is  th.t  t}.e  Icrsrer  this  '."eight,  the  less  accurate 
is  the  recording  oi  the  total  pr  .cipit.  tion  if  the  ^.^^^f  is  .-TorKing 
properly,     ■"lit  since  tre  pri;"nc  r j  ^/aroose  ol  a  recording  r3in  gage  is 
to  T£ike  a  record  Irom  ".":'-ich  r.iinfall  rates  car  be  obt--.ined,  it  seems 
that  a  small  s^^crifice  i:.  the  accuracy  of  the  det  Tran-  tion  of  total 
catch  should  be  nads  foi-  the  i  ake  of  ol  ^i-inini,^  :.:csit j.ve  cepenca::le 
action  of  the  instrument..    In  fact,  there  need  be  no  saci-ifice  in 
accuracy  due  to  addin.;^   .lore  ■  ei..,ht  because  a  small  correction,  that 
can  be  calculated,  may  be  made  to  the  recorded  am.ounts. 
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In  order  to  deteniiine  tlie  correction  refer  to  figure  1  and 
analyze  the  forces  acting.    Thus  the  load  on  the  veit::hing  mechanism 
of  the  gage  due  to  the  ^..en  arm  and  linkage  syster:  (ivei^tit  of  ri^^ht 
link  excepted)  is  as  f oilers; 

Precipitation         Actual  Load  Causi.ng"^'  Ccrrection'^'^ 

Range  Load  Error 

Inches  Inches 

6-9  J^-  -  mL  „L  (1  +  m/n)  L  (1  +  m/n) 

n  821 

*    If  gage  is  zero-ed  in  0-3  inch  range. 

Gage  zerc-ed  in  0-3  inch  range;  all  quantities  expressed  in  gram- 
centimeter  units. 

'"here: 

N  =  clock';;ise  moMent  of  the  pen  ai'm  system 

lA  =  count erclockT,vise  moment  of  the  pen  arm  system 

L  -  '''eight  of  left  link 

m  =  distance  from  pivot  to  left  riinion 

n  =  distance  from  pivot  to  ri,_ht  pinion 

Since  n  and  m,  the  distances  from  the  pivot  to  the  ri.ght  and  left 

pinions,  respectively,  are  approximately  equal,  the  correction  for  the 

(3-6)-inch  range  may  be  written  and  that  for  the  (6-9)-inch 

821  n 

range  2_L  ,    Or,  if  it  is  considered  that  the  resultant  moment  of  the 
821 

pen  arm  system  is  due  to  a  v/eitrht,  R,  acting  at  the  rii^ht  pinion,  then 
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the  correction  for  the  (3-6)-inch  ranee  is  ^      ,  R  and  L  expressed  in 

^821 

grams.        flav.'  can  be  picked  in  this  analysis  of  the  correction  to 
be  added  to  the  chart  readin^^,  since  iriction  effects  and  the  vari- 
able wei- ht  of  the  ink  in  the  pen  have  been  ne-jlected.  Ordinarily 
these  thini^s  should  prove  to  have  a  negligible  effect  on  the  value  of 
the  correction  to  be  used. 

The  weight,  L,  of  the  leit  link  should  be  at  least  2R,  as- 
suming ;n  and  n  are  equal,  since--one-balf  the  wei,7,ht  is  needed  to 
counterbalance  R  and  the  other  half    to  overcome  the  friction  during 
the  3-6  inch  traverse. 

The  minimum  value  of  R  or  the  resultant  clock'a'ise  moment  of 
the  pen  arm  system  to  have,  in  order  that  a  gage  vrill  alv:ays  vrork 
satisfactorily,  is  not  readily  determinable  because  of  the  variable 
nature  of  friction.    For  tv-/o  of  the  '36  series  of  r'^.ges  thr.'t  v;ere 
studied,  R  averagec  2.6  grams  and  L  averaged  5«9  grams.  These 
gages  did  not  always  v.'ork  satisfactorily.    Trials  in  the  laboratory 
indicated  ths  t  the  v.-eight  should  be  considerably  greater  but  there 
was  no  known  way  of  telling  the  minimum  necessary  value  to  insure 
positive  action  at  all  times. 

A  value  of  H  of  12.3  ;-rams  has  been  rather  arbitrarily  se- 
lected as  beiiig  sufficient.     Tr.is  is  betv:sen  fo-ar  and  five  times  the 
amount  provided  by  the  manufacturer,  and  according  to  the  analysis 
would  cause  an  error  of  0.03  inch  in  the  recording  of  precipitation 
over  the  (3-6)-inch  range.    If  the  v/ei::ht,  L,  of  the  left  link  is 
increased  to  2R  or  24.6  grams  the  error  in  the  (6-9)-inch  range 
■^culd  be  0,06  inch. 
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Another  factor  to  be  considered,  and  one  that  makes  it  desir- 
able to  limit  the  mat;-nitudes  of  the  additional  v/eights,  is  the  action 
of  the  gage  at  the  revertial  points.    The  chart  record  at  these  points 
v\i.ll  be  a  straight  horizontal  line  for  the  period  required  to  collect 
an  amount  of  precipitc ticn  equal  to  the  oiiference  in  corrections  for 
the  adjacent  traverses.     If  R  and  L  are  as  su;,^-ested  above,  this 
amount  is  0.03  inch  at  both  reversal  points,  and  the  period  covered 
by  the  straight  line  vil]  Vc.ry  V'/ith  the  rain  intensity,  being  IS 
minutes  at  0.1  inch  per  hour,  1.3  minutes  at  1.0  inch  per  hour,  etc. 

An  easy  method  of  making  an  approximate  detend.nation  of  R  is 
as  follows: 

1.  Tie  a  sm.all  piece  of  thread  tc  make  a  loop  and  hang  it  over 
■"^  the  left  pinion. 

2.  Load  the  catch  buck^;t  "..itli  an  equivalent  of  1  1/2  to  2 
inches  of  precipitation. 

3.  Cut  pieces  of -.vire  solder  or  siinilar  'lat'  rial  tc  hang 
from  the  bottom,  of  the  thread  loop. 

4.  Find  the  piece  thc.t  brings  the  pen  .-irm.  sycten  into  balance. 
In  doing  this  it  may  be  found  helpfiJ.  to  use  anoth-r  piece 
of  thread,  relatively  long  and  having  a  loop  at  one  end. 
Put  the  loop  over  the  pen  and  pull  the  pen  and  pen  arm 
ar/ay  from  contact  7;ith  the  chart  and  pen  si:  ifter  de-i/ice, 
respectively. 

5»    The  value  of  R  is  the  '.veight  of  the  piece  bringing  the 
system  into  balance  if  m.  and  n  are  equal. 
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To  find  the  approximate  ..Gi'.ht  of  the  left  link,  han:.  the 
thread  loop  over  the  ri^.ht  pinion,  load  the  bucket  to  the  equivalent 
of  about  5  1/2  inches  of  precipitation,  and  determne  the  necessary 
v/eight  on  the  loop  to  bring  the  system  into  balance.    This  v:eight 
added  to  the  value  for  R  should  be  equal  to  the  v^eight  of  the  left 
link.     (The  more  accurate  method  is  to  remove  the  link  and  weigh  it.) 

The  design  of  the  pen  arm  countenveifht  is  such  that  it  can  be 
moved  over  a  considerable  ran^;e  relative  to  the  pivot.     Cn  one  of  the 
♦36  series  of  gages  this  distance,  d,  could  be  varied  between  2.7 
and  3«2$  cm  v;hich  could  change  the  value  of  R  from  1.6  to  4-»0  grams. 
From  the  analysis  of  the  operation  of  the  reversal  mechanism,  v/hich 
shovis  that  the  rainimum  v;eight  of  the  left  link  is  a  function  of  R, 
it  appears  that  this  ^revision  for  adjustment  of  the  position  of  the 
count envei.ht  is  an  undesirable  feature.    Once  fixed  in  the  proper 
place,  it  shc;uld  not  be  car'-^lessly  changed. 

Having  selected  a  -/-lue  for  R,  the  force  exerted  by  the  right 
pinion  on  the  bottom,  of  the  slot  in  the  right  linl:  (0-3  inches),  of 
12.3  grams,  there  remains  the  problem  o.f  detcnnining  the  size  of  coun- 
terweight needed  to  produce  this  lorce.     Since  the  distance,  n,  fi'om 
the  pivot  to  the  right  pinion  has  been  measured  to  be  about  1.2  am, 
the  desired  resultant  clocla'.'ise  m.oment  of  the  pen  arm  system  to  be 
used  in  overcoming  friction  in  the  (0-3)-inch  range  is  nR  or  1/^,8 
gram  centimeters.    This  moment  plus  that  needed  to  overcome  the  ex- 
istent count erclockv.-ise  mo;ue nt  of  the  remainder  of  the  pen  arm  system 
must  be  produced  by  the  ccunter./ei  .ht .    The  average  value  needed  to 
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balance  the  systea  has  been  deter-rin^c  on  the  '36  gages  to  be  13«<?  gram 
centimeters;  thus,  the  counter-ei  ht  should  be  of  a  size  and  at  a  dis- 
tance irom  the  pivot  suc;  that  d".'.'  is  equal  to  2c, 6  :_^ram  centimeters. 
Somewhat  arbitrarily  selecting  a  vilue  of  2.6  cm.  for  d,  fixes  the 
v;eight,  "T,  of  the  co unt er.'ti,  ht  s.t  11  girams.     This  compares  v/ith  6 
grams  furnished  oy  the  manufactui'er. 

The  vvei,iht  of  the  left  link  on  these  iTa^.es  is  about  5*9  grams. 
If  R  is  increased  to  12.3  grams,  L  should  be  increased  to  24.6  grams; 
therefore,  lb. 7  grams  should  be  added  to  the  left  link.     The  manner  of 
doing  this  is  not  important  except  that,  if  added  to  the  bottom  as  prob- 
ably will  be  doiie,  cai-e  should  be  taken  that  the  appendare  does  not 
strike  the  frame  of  the  instrument  or  the  floor  '.vhen  the  ^■•'ei:;hing  plat- 
form is  depressed. 

For  the  benefit  of  those  :vho  desire  to  change  the  count erv-reight 
and  the  .  ei;-ht  of  the  left  link  on  one  or  more  of  the  '36  series  of 
gages  in  accordance  ■  ith  the  su ^  eation  given,  a  plan  (fig.  2)  for  ne?; 
weights  has  been  prepared  anc  a  detailed  p-rocedure  given  as  follows; 

1.  Remove  the  scre-'-^s,  A  and  B,  at  the  top  of  both  links,  noting 
that  the  v/ashers  are  betv.'een  the  frar.e  and  the  links. 

2.  Loosen  the  pivot  screv;,  enabling  the  complete  removal  of  the 
reversal  m.echanism  a2id  pen  arm  system. 

3»    Replace  the  ccunterwei._ht  with  one  '.veighing  approximately  11  grams 
and  having  its  center  of  gravity  at  about  2.6  cm.  from,  the  pivot. 

4..     Remove  the  left  pinion  scre'.v  and  take  the  left  link  off. 

5.    Fold  a  hot  soldering  iron  on  the  1/2-inch  diameter  v/eight  at  the 
bottom  of  the  link  until  the  solder  melts  and  the  link  drops  off. 
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(Be  c£reful  not  tc  d'- nd  tne  link  or  nur  it  .•.'ith  the  jav;s  of 
pliers  01'  oth'^r  tool.) 

6.  Solder  on  the  ne-.v  v/eight  shown  in  f  j  f;.ure  2. 

7.  TJash  all  sliding  ^ncl  turmnr  ^jarts  rith  carbon  tetrachloride  or 
other  vola"*ilo  cleaninr:  fluid. 

8.  Replace  the  necharism  to  its  oririnal  f-osition,  making  sure  that 
the  pivot  is  centered  in  the  pivot  scre^v,     j::'nou,<h  end  pla;'-  :vill  be 
provided  by  turn:^"nc;  the  pivot  screv;  b?-ck  a  half  turn  from  the  snug 
position.     If  all  of  the  v/ork  is  carefully  done  and  none  of  the 
other  scre'',;£  Icosenec,  there  should  be  no  effect  on  the  adjurt;aent. 
The  exact  r:ei;-htc  to  use  for  other  models  should  be  detenrdned  as 

hcis  been  described  for  the  '  3t  series,    .-ifter  this  undesirable  feature  'vas 
.called  to  the  attention  of  the  manufacturer  in  Lhe  late  fall  of  1936,  the 
design  v.-as  cnL.nged  somevk-hat.    Consecuently  the  '37  serdes  of  instruments 
have  heavier  count erveij^hts  and  heavier  leit  lirJ^s  but  not  nearly  as  heavy 
as  has  been  r^coririended  here.     Although  they  are  undoubtedly  better  in 
this  respect  than  the  '36  gates,  the  '37  and  later  series  have  quite  pos- 
sibly given  trouble  also. 

It  is  believea  that  the  proposed  chanp,es  will  insure  positive, 
dependable  action  of  tlie  ;;age.s,  provided  they  ar-e  given  reasonably  good 
care.     If  the  links  and  pinions  are  permitted  to  become  .-um.my  and  dirty, 
a  gage  will  not  operate  cor  rectify  even  with  the  added  reirhts.     In  this 
connection  and  conti'ary  to  the  instructions  accompanying  the  instruments, 
oil  should  not  be  put  on  the  pinions  and  links  or  any  other  jdace  from 
v/hich  it  Can  spread  to  them.     They  should  be  cleaned  in  such  a  v.'ay  as  to 
remove  any  oily  film  that  there  might  be,  in  order  that  c  ust  and  grit 
blown  into  the  gage  v.iTl  not  adhere  to  them. 
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Figure  I.  —  Friez  Recording  Rain  Gage. 
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Figure  2.— Suggested  Reversal  Mechanism  Weights 
for  the  '36  Series  of  Fergusson  Gages. 


EFFECTS  OF  TI'.l.;?E.t-TURJi.  CN  THE  Sr^.lNG 

The  deflection  of  a  loaded  spring  is,  among  other  things,  a 
function  of  the  modulus  of  rigidity  of  the  spring  material  and  of 
the  lenfth.  Thus: 

Y  -  8  P  n 

U 

v'hei-e       Y  -  deflection  of  the  spring 

P  =  load  causinj  dr-f'lecticn 

D  ~  diamei/er  o    ti:e  coil 

n  =  nujn.ber  of  turns  c  r  coils 

Eg"  modulus  of  rigidity  (or  modulus  of 

elasticity  for  shear) 

d  =  diameter  of  the  rod  fo,.   Ing  the  coil 
The  modulus  of  ririditVj  sometimes  c- "  led  the  modulus  of  elas- 
ticity lor  sheor,  V;^rir:s  apoi'--. ciably  in  most  mate  rials  ^~ith  tetnpera- 
ture.     The  length  iilso  varies  /'ith  te  iper^.ture  as  expressed  by  the 
coeificient  of  thermal  expansion.    L'sint:  ''"alues  from,  published  mater- 
ial ^^'^  for  changes  in  these  factors  for  sprinj;  steel,  the  change,  y, 
in  deflection  is  found  to  be 

I'  ~  .000133?  (t,-.  -  t^),  v.'here  (t^  -  t^)  is  the  change  in  tern.- 
per^xture  in  decrees  Fihrenheit.     Or  if  e'  vjressed  i:-  inches  of  rainfall, 

y  -  .000133         (t^  -  t  )  v/here  P  is  the 
S21      ^  1 

load  on  the  s^^ring,  in  grams, 

^■^hleule^an  i  Houseman,  Bur-eau  01  St^ndaras  K.P.  No.  531. 
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Experiments  on  fisc^e  Vo,  13^-36  confirm  tras  relation,  as  shovm 
b>  the  plotted  points  in  fiijure  3»    From  the  figure  it  can  be  seen 
that  at  zero  precipitation,  because  of  the  weight  of  the  empty  bucket, 
weighing  plstform  and  franie,  a  temperature  change  of  1°  F  causes  a 
change  in  chart  reading  of  0.0006  inch  of  rainfcill.    In  other  v^ords, 
an  increase  in  temperature  of  17*-*  F  betv.een  the  time  of  setting  the 
pen  at  zero  and  the  time  of  observation  v;ill  cause  an  indication  of 
0.01  inch  of  rainfall  on  the  chart.     Rt  three  inches  of  precipitation 
the  load  on  the  spring  is  ;,re:-t(-r  "aid  a  tcmperatu.re  change  of  ten 
degrees  7/ill  alfect  the  recording  by  the  amount  of  0.01  inch  of  rain- 
fall. 

In  the  generd  case  the  result.^nt  effect  of  the  ch'n^e  in 
modulus  of  rigidity  of  the  spring  mrterial  is  a  little  more  diffi- 
cult to  comprehend.     ,s  an  aid  in  doing  so,  let  us  take  a  pjrticular 
example. 

Assume  that  a  gag:e  is  in  perfect  adjustment  at  a  tem.perature 
of  90°  F,  with  a  reversal  occurring  at  exactly  the  3-inch  line  on 
the  chart  if  a  3-inch  ^ji'ecipitution  load  is  placed  in  the  bucket. 
Imagine  further  th:t  the  temperatuie  has  dropped         F  to  56°  F. 
Observation  will  sho'/:  th.  t  at  zero  precipit^- ticn  the  pen  will  record 
at  0.02  inch  of  ;recipit^-.tion  belov  th'^  zero  line.    ;..n  adjustment  is 
made  at  tl-.is  temperature,  by  means  of  the  knurled  adjusting  screw 
above  and  to  the  right  of  the  sprin^,  to  bring  the  pen  back  to  the 
zero  line.    Imagine  no;-  that  the  temperature  drops  again  to  40°  F, 
causing  the  pen  to  record  agproximately  0.01  inch  of  precipitation 
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belov;  the  zero  line  of  the  chart,  and  that  thereafter  e::actly  3 
inches  of  rain  occui'a  and  is  c^jught  by  the  ^age.    Because  of  zhe 
stiffening  of  the  spring  v/ith  a  decrease  in  temperature  of  50°  F 
from  that  at  wliich  the  reversal  mechanism  of  the  i-age  was  originally 
adjusted  the  pen  only  moves  a  chart  distc^nce  of  2,9B  inches  of  pre- 
cipit'-.tion  for  the  3-inch  load.    This  0.02  inch  deficiency  can  be 
calculated  by  the  formula.    :-iddini^  this  to  the  zero  error  of  0*01 
inch  gives  a  total  eri'or  of  0.03  inch,  ■.•'ith  the  pen  recording  at  2.97 
inches. 

The  error  can  best  be  cc.siriered  if  divided  into  two  parts: 
namely,  that  ^jart  arisin^,^  from  a  tem;-erature  difference  bet7:een  the 
time  of  recoi'ding  and  the  tim.e  at  vrlch  the  pen  was  set  to  zero, 
and  thcr.t  part  occurring  because  of  the  diif'-rence  betveen  the  tem- 
peratures of  recordin,_,  ar.^  adjustment  of  the  reversal  mechanism  of 
the  gage. 

The  first  part,  y,  may  be  thought  of  as  a  zero  error  A'hich 
affects  every  chart  reading  by  the  same  absolute  amount,  assuming 
no  change  in  te;aperature  during  the  time  of  recording.    The  sign  of 
the  error  for  the  3~6  inch  traverse  of  the  pen  is  opposite  to  that 
in  the  other  tv/c  traverses.    For  gage  ^'o.  I36-36  the  load  on  the 
spring  at  zero  precipitation  was  determined  to  be  3715  grams,  the 
equivalent  of  ^.$2  inches  of  precipitation.     Then  in  this  instance 

y-L  =  .000133(^.52)  (t^  -  t^)  -  .0006  (t^  ~  t^) 
where;  t^.  r:  temperature  of  recording 

t^  ~  temperc'ture  at  t'n^-  time  of  setting  the  pen  on  the 
zero  line. 
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The  second  part,  proportional  to  the  amount  of  pre- 

cipitation collected  and  is  in  the  same  direction  regardless  of 
the  pen  traverse.    The  magnitude  and  sign  of  this  error  is  repre- 
sented by  the  formula: 

-  .000133  I(t^  -  t^) 
where:  I    -  precipitation,  inches 

t^  —  temperature  at  which  the  reversal  mechanism  of 
the  gage  was  adjusted  to  give  the  correct  pen 
traverse. 

It  can  be  seen  that  errors  resulting  from  temperature 
changes  are  usually  relatively  small.    They  are,  hov/ever,  observa- 
ble and  the  description  has  been  included  in  the  notes  for  the  sake 
of  completeness. 

THE  EFF^;CTS  OF  I-^lATIVE  ITO.IIDITY  CR4NGES 
A  piece  of  paper  changes  its  dimensions  with  changes  in 
relative  humj.dity  and  every  instrument  wliich  makes  a  record  of  its 
movement  on  a  piece  of  paper  is  subject  to  errors  due  to  these 
changes.    Some  papers  chanp,e  in  dimension  more  than  others  and 
most  of  them  have  a  greater  change  in  one  direction  than  another. 
In  general,  there  is  a  lesser  change  in  the  machine  direction  than 
in  the  across-machine  direction.    This  has  been  attributed  to  the 
tendency  of  the  fibers  of  the  paper  to  orient  themselves  in  the 
machine  direction;  and,  as  in  wood,  there  is  a  lesser  relative 
change  in  length  v.lth  the  grain  than  there  is  across  the  grain 
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with  changes  in  moisture  content.  Paper,  being  thin,  responds  rather 
quickly  to  relative  huriidity  chan^;es. 

Many  persons  have  attempted  to  eliminate  this  difficulty  but 
have  come  to  no  really  satisfactory  solution.    By  treating  the  paper 
v;ith  various  materials,  the  rate  of  expansion  and  contraction  has 
been  reduced  but  the  total  ultLmate  amount  n>-t  materially  affected. 
In  those  instances  where  a  material  reduction  has  been  made  in  the 
amount  of  chan^^^e  by  certain  manufacturing  processes,  there  have 
been  undesir^ible  changes  in  other  qualities.    This  is  not  to  say 
that  all  papers  are  equally  r_oGd,  but  the  best  is  not  good  enough. 
Recent  trials  ^dth  charts  thdt  have  been  printed  on  paper  backed 
with  metal  foil  have  shown  that  tiiLs  type  offers  considerable  prom.— 
ise  of  solving  the  relative  humidity  chau^.e  problem.. 

It  is  not  uncomTiOn  to  have  chart  paper  that  chansies  dimension 
by  1  per  cent  in  the  across-machine  direction  with  a  relative  humid- 
ity caange  from  50  to  95  pei'  c-..nt,  ard  an  increase  in  dimension  at 
a  much  higher  rate  as  the  relative  humidity  approaches  100  per  cent. 
The  change  in  the  other  direction  might  be  a  sixth  or  a  third  of 
this  amount.    VJhether  to  cut  and  print  the     :art  x,o  have  the  greater 
change  in  time  or  in  precipitation  is  open  t'^  question;  either  way 
has  its  objectionable  features.    In  the  case  of  the  Fergusson  gage, 
the  manufacturer  has  usually  arran^^ed  to  have  the  least  expansion 
and  contraction  the  long  v.-ay  of  the  chart,  or  around  the  drum. 
Then  a  change  in  chart  vddth  of  1  per  cent  is  easily  possible  and 
it  mdght  be  considerably  m.ore. 
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Changes  in  relative  humidity  vath  consequent  changes  in  the 
chart  dimensions  affect  the  accuracy  of  recording  the  amount  of  pre- 
cipitation in  tvfo  ways.    The  obvious  effect  is  to  give  a  relative 
error  in  record  equal  to  the  relative  change  in  chart  dimension  for 
the  0-3  inch  traverse.     Other  things  being  equal,  the  reversal  v;ill 
occur  above  or  helovi  the  3-inch  line  on  the  chart  depending  upon 
whether  the  chart  has  contracted  or  expanded  from  its  dirension  at 
the  time  of  calibration  of  the  gage.    The  amounts  of  the  errors  just 
before  and  just  after  the  reversal  are  equal  in  amount  but  opposite 
in  sign.    As  precipitation  increases  to  6  inches  both  the  actual 
error  and  the  relative  error  in  recording  decrease  to  zero.     For  the 
6-9  inch  range  the  actual  amount  of  error  is  the  same  as  for  the  0—3 
inch  range,  the  relative  error  being  considerably  less. 

The  other  way  in  which  changes  in  chart  diiiension  affect  the 
record  is  not  so  straightforward  or  rredi.ct able ,     The  instruments  are 
adjusted  v.lth  the  bottom  of  the  chart  snug  against  the  drum  flange  and 
any  movement  of  the  chart  from  this  positio:i  will  affect  the  record  by 
the  amount  of  movement.     It  seems  to  be  the  case,  more  often  than 
not,  that  v;hen  a  chart  is  put  on  the  drum  correctly  at  a  certain  rela- 
tive humidity,  and  thereafter  the  relative  humidity  first  increases, 
expanding  the  chart,  and  then  decreases,  the  chart  does  not  return  to 
its  original  i:osition,  but,  instead,  contracts  about  some  point  well 
above  the  bottom  ed.  e.    ,..s  a  rest  It  it  has  been  found  that  the  bottom 
edge  will  sometimes  creep  up  the  drum  b.;        amount  equivalent  to  sev- 
eral hundredths  of  an  inch  of  precipitation.     Tris  ar;ount  has  been 
noted  to  vary  considerably  at  different  i.-^iats  around  the  drum. 
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i^.DJUSTIiENT  OF  THE  :.iVIlR...--.L  iffiCHAKISLl 


The  design  of  these  instruments  is  such  that  for  correct  record- 
ing there  is  a  deiinite  pcsition  ±or  each  moving  part,  relative  to  the 
position  of  the  chart,   for  each  amount  of  precipitation.    This  relation 
of  moving  part  po.sition  to  chart  position  is  fixeo  at  the  time  of  ad- 
justment of  the  reversal  'nechanism  and  if  subsequently  disturbed  will 
cause  the  reversals  to  occur  at  ..rori'   places.    There  arc.  a  number  of 
tliint;s  which  may  happen  to  alter  tils  relation  and  v;hen  they  do  happen 
the  ^-a^Je  is  thrcvm  out  of  adjustment,  causing  errors  in  recordinj> 

Eccentric  loadin  .  v'rJ.  ch  sometimes  occurs  '.'.'iien  the  platform,  is 
manually  dep^-essed,  or  -nay  occur  because  of  the  instr\.:.ient  being  out 
of  level,  causes  excessive  friction  and  binding.    TMs  vill  affect 
the  recording!  but  should  not  occur  'with  reasonable  care  in  handling 
and  installation. 

r.vo  possibilities  of  maladjustment  ^?  "n  be  corrected  simply  by 
makini._,  an  adjustiaent  '.;ith  the  knurled  adjusting  screv:  above  arid  to 
the  rit'ht  of  the  sprin:-.    One  i.  a  change  in  the  ^.-'eirht  of  the  bucket 
or  vvei(-hing  platform  and  the  other  is  the  zero  error  resulting'  from  a 
change  in  temperature. 

Some  of  the  other  possibilities  ■«"hic.    cannot  be  so  easily 
taken  care  ol  are: 


(1) 


Bendinf_  of  the  ;  en  arm  in  a  vertical  direction. 


(^) 


A  change  in  the  elevation  of  the  drum  flange. 


(3) 


A  change  in  the  v/idth  of  the  bottom  mar.  in  of  the  chart. 


A  change  in  vldth  of  the  chart. 
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(5)  Failure  to  have  the  bottom  edge  of  the  chart  against 
the  drum  flange. 

(6)  Changes  in  spring  deflection  due  to  temperature  changes 
that  cannot  be  taken  care  of  by  a  zero  adjustment. 

For  some  of  these  items  a  zero  adjustment  by  means  of 
the  knurled  screv;  will  cancel  their  effects  over  the  first 
(0«3  inches)  traverse,  but  they  vrill  become  operative  after 
the  first  reversal. 

There  follow  step-by-step  instructions  for  the  adjustment  of 


1.  Set  up  the  gcge  in  the  manner  described  in  the  instruction 
manual  furnished  by  the  m:j.nufacturer.    Take  particular  care 
in  placing  the  chart  on  the  cruni  to  make  sure  that  the  lower 
edge  of  the  chart  fits  tightly  against  the  bottom  flange. 
Also  be  sure  the  bucket  is  dry,  that  there  is  no  sticking  or 
rubbing,  and  that  the  ,en  is  adjusted  to  the  exact  zero  of 
the  chart.     If  the  relative  humidity  is  high  (80  per  cent 

or  above)  at  the  time  of  adjustment,  so  much  the  better. 

2.  Add  water  equivalent  to  3  inches  depth  of  rainfall  {2Uh'^ 
grams  for  an  8-inch  collector,  apparent  v.'eif;ht  under 
usual  conditions). 

3«    Raise  left  link  so  that  it  does  not  oear  on  left,  leverage 
pin  (pinion)  in  such  a  v»-ay  th?t  the  link's  vvei-ht  is  still 
supported  by  the  spring;  or,  raise  th.-^  stop  on  this  link 
temporarily.    Adjust  leverage  oi  ri^^ht  link  so  that  pen 
moves  half  v;ay  to  the  3-i-ch  mark  on  the  chart.  Move 


the  reversal  mechanism,  if  it  sliculd  become  necessary. 
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the  right  pinion  to  the  left  if  the  pen  is  bela.-  the  mark 
and  to  the  right  if  above 
/+.    Bring  pen  the  remaiiiin^  distance  to  the  mr.rk  by  inecns  of 
the  zero  adjusting  screy;» 

5.  Check  the  zero  re'icing.     To  do  this,  remove  -"'ater  from 
bucket  and  cry  thoroughly.     li'  not  correct,  adjust  lever- 
age of  right  link,  again  bringing  pen  half  the  distance  to 
zero  and  the  rr-maining  distance  .  "  th  the  'nain  adjusting 
screv;.     Check  for  j-inch  deptl-  of  --ater. 

6.  If  the  pen  nc:v  reads  correctly  at  the  j-inch  aark  '.vith 
the  left  link  raised,  ac  described  in  paragraph  3,  lovver 
tiie  link  to  its  normal  ^.osition  and  loosen  the  adjustable 
stop  at  the  upper  end  of  the  Ic/er  slot.    [  ove  the  stop  up 
or  do^vn  raitil  it  is  in  contact  ,.ith  th-  le^-er  ^na  pin.  17n( 
clamped  in  pooition  this  should  cause  a  reversal  at  the 
3-inch  :r^rk.     Check  the  reversal  by  moving  the  bucket 
slowly  up  and  dovm  by  hand,. 

7.  Add  v/ater  to  make  a  totC'l  of  6  inch-^s  chart  de-^th  (4931 
grams,  equivalent  tr  6.CO6  inches  for  '36  series  gages  as 
received;  or  4V$1  grams,  equivalent  to  6.O3  inches  if  new 
reversal  mechanise  weights  are  used). 

S.    ^aise  the  stop  on  the  rl^_nt  lin;-  lemporarily. 
9.    Adjust  Ipver  .  rm  ol  left  link  to  move  the  pen  half  the 
distance  to;;ard  the  6-inch  line. 
10.    Remove  approximately  half  of  the  ..ater,  leaving  2^53 
grams  in  the  bucket. 


~  23  - 


11.  Readjust  the  stop  on  the  left  liiik  to  cause  a  reversal  it  the 
3— inch  mark. 

12,  Add  vater  to  nake      total  of  6  inches  (4-931  or  4951  grams, 
'./hichever  is  used)  and  set  the  adji- stable:  stop  on  the  right 
link  to  give  a  reversal  at  6  inches  on  the  chart. 

13»  Yv-ater  equivalent  to  9  inchf .  chart  depth  (7401  grams, 

equivalent  to  9 •014-  inches  for  Vr'S  series  _.ages  as  received; 
or  7438  grarr.s,  equivalent  to  9»06  inches,  if  net:  v:eights  are 
used)  and  check  the  chs.it  I'eadint^.     There  is  no  adjustment 
for  errors  iri  the  lest  3  inches  oi  the  range. 
If  t\e-:;  wei'.^hts  have  been  added  to  the  reversal  mechanisr^.,  the 
time  of  adju:.'tment  offers  a  food  op;  ortunit;/  to  check  the  values  of  the 
corrections  for  use  in  the  3-6  inch  and  6~9  inch  i-anges.    Using  821  grams 
of  'Tat"r  for  each  inch,  of  preciyit-.tlon,  add  ■vater  in  sufficient  amounts 
to  bring  the  pez;  near  the  c^-nter  of  the  chart.     The  differences  betvreen 
the  calculated  and  recor''ed  amci.nts  should  b^  equal  to  ti'.e  corrections 
derived  by  use  oi  the  ioi-rnulae. 

GEIJERkL  COI^LiENTS 
It  should  be  realised  th  .t  sizable  ei'rors  in  the  recording  of 
total  catch  can  be  obtained,  th  t  they  may  or  may  not  be  compensating, 
and  thc-t  in  man,,  instance^;,  the  error  changes  sign  or,  at  least,  changes 
abruptly  in  amount  at  the  pen  reveisals.     It  appears,  therefore,  that 
it  ^."ould        good  pi-actice  to  m-.ke  an  independent  measurement  of  the  total 
cjtch  in  the  buck'^t  at  tne  end  o:  the  storm. 

Cu  the  other  hand,  depending  Uj..on  the  purpose  of  obtaining  the 
dato.,  the  pocsible  err-ors  may  be  considered  ne.  11  :iblej  and  in  all  cases 


it  should  be  realized  that  the  gage  was  designed  primarily  as  an  instru- 
ment for  use  in  the  determination  of  precipitation  rates.    liany  of  the 
possibilities  for  error  do  not  enter,  or  enter  to  a  small  degree,  in  the 
determination  of  rates  if  the  calculator  avoids  the  use  of  two  chart 
readings  on  opposite  sides  of  a  reversal  or  two  time  readings  at  opposite 
ends  of  the  chart  for  any  one  rate  determine  tion. 

The  accuracy  of  r^te  det-'-rminationG  depends  to  a  l^rj  e  extent 
upon  the  ability  of  the  transcriber  of  the  record  in  takinr  off  the 
time  and  precipitation  values  for  the  intervals  under  consideration. . 
Frora  the  standpoint  of  accuracy  in  determining  time  intervals  a  high 
chart  speed  is  desirable. 

To  those  who  desire  to  m:^ke  corrections  to  the  precipitation 
amounts  throughout  the  storm  because  of  a  difference  betv.'een  the  total 
recorded  and  measured  catch,  I'r.  H.  L.  Cook  has  made  a  good  suggestion. 
Starting  at  tlie  beginning  of  the  rain  and  using  the  tine  at  a  reversal 
as  the  end  of  one  interval  and  the  beginning  of  another,  add  progres- 
sively the  increments  of  rainfall  used  in  the  calculation  of  the  rates. 
Include,  in  addition,  any  precipitation  amounts  necessary  to  correct 
for  shifts  in  reversal  mecha  nism  v/eights  occurring  at  the  pen  reversal 
points.    Then  all  values  for  accumulated  precipitation  may  be  corrected 
in  prO;jortioii  to  the  de^'iation  of  the  sum  of  the  increments  from  the 
measured  catch. 

Mr.  L.  L.  Karrold  i,;ac  instrumental  in  providing  several  gages 
for  examination  and  aided  in  the  calculation  of  the  suggested  new 
weights  for  the  reversal  mechanism. 

March  lQ/,1 


